height is critical to a process unit then, ideally, the height of the pilot should be as close as possible to the actual height of the real life unit. Another critical feature in designing a pilot is the similitude in the process components and process instrumentation (to the extent possible real-life components should be used).
Mechanistic models for predicting the performance of water treatment systems are few and usually are not reliable. The industry norm is to use a deterministic approach by using the results from pilot scale systems to design and predict the Performance of full-scale systems. Process parameters that are commonly used to design full-scale systems include:
Loading ( These parameters are generally obtained or optimized deterministically by operating pilot plants. The optimized design parameters obtained from the pilot study are then used to design and predict the performance of the full-scale units they are designed to simulate. In the following discussion, examples will be used to illustrate the process parameters that can be obtained from pilot studies and subsequently used to design and predict the performance of full-scale systems.
The examples given below are for illustration purposes only and the actual scenario may be much more complex. The three examples that will be used are:
(1) Pilot reactor for the design of metal oxyhydroxide and ion-exchange reactors for sorption or co-precipitation of arsenic (2) EBCT, minimum bed height (h), flow-through velocities or surface loading rate, bed height /bed diameter (d), water pressure head (x), etc.
Intrinsic media properties:
Sorption capacity, media grain size, bulk density, porosity, selectivity coefficient and separation factor, surface charge at operating pH, strength of sorption as defined by Toxicity Characteristics Leaching Procedure (TCLP), etc.
Critical operational parameters:
Flow rate, SFR, pH, free oxidant concentration, arsenic speciation, pre-filtration, etc.
Intrinsic water aualitv parameters affectinq svstem performance:
Competitive sorption and chromatographic peaking due to the presence of competing ions can cause fouling because of precipitation of insoluble salts, biofouling, etc.
Process Similitude:
Process similitude requires that the SFR and EBCT be the same for pilot and fullscale absorption column. This means that shallow beds operated at the same EBCT will not be equivalent to a deep bed operated at the same EBCT. This implies that the bed depth to height ratio is important and should be similar for the pilot to that of the full-scale unit. In the same token, it may be critical in the design of pilot and full-scale systems to maintain a minimum critical bed depth.
Coagulation Micro-filtration Systems for Arsenic Removal
Arsenic removal from water by coagulation entails the conversion of dissolved arsenic to insoluble products by the combined mechanisms of precipitation, coprecipitation and adsorption. The trivalent metal salts used for arsenic removal by coagulation are alum and ferric salts. The treatment train illustrated below for arsenic removal from groundwater using coagulation followed by microfiltration, requires a preoxidation step to convert all the arsenite to arsenate, pH adjustment for enhancement of coagulation, followed by coagulation to convert dissolved arsenic to insoluble products and settling/micro-filtration to remove the insoluble products of coagulation. The critical properties and parameters affecting system performance are listed below. Intrinsic water aualitv parameters affectina svstem performance:
Source water quality (turbidity, total organic carbon, insoluble metal salts), arsenic speciation, effects of fouling due to precipitation of insoluble salts, biofouling, etc.
Process Similitude
The process most susceptible to inadequate similitude is the membrane reactor.
For process similitude, the pilot membrane must have the same Lo and f(x) relationships inside and outside the membrane segment and the same HRT.
Therefore, the membrane assemblies should have the same f(x) as the intended full-scale process. The pilot system should be operated to the design TMP and washed using equivalent methods.
Coagulation -Settling -Conventional Filtration Large Scale

Municipal Systems for Arsenic Removal
The treatment train illustrated below for arsenic removal from water using coagulation followed by duel media (sand and anthracite) filtration, requires a preoxidation step to convert all the arsenite to arsenate; pH adjustment for enhancement of coagulation, followed by coagulation to convert dissolved arsenic to insoluble products; and settling/dual media filtration to remove the insoluble products of coagulation. The critical properties and parameters affecting system performance are listed below. Critical reactor desiqn parameters:
Rapid Mix: Rapid mix velocity gradient, rapid mix detention time.
